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ABSTRACT

The )ropagation of rf waves launched in the end cell and central cell of the tandem mirror
propulsion device has been investigated both theoretically and cxperim-ntally. Theoretically,
a comlputer code has been developed to study the wive propagation in a nonhomogeneous
magnetic field. It was found that the aillplitudf of the wave excited in the plasma peaked
while approaching the resonance, but then damped out, indicating strong absorption o( the
wave by the plasina. The absorptionl took place near the axis and midplane of the device. The
experilental results confirmed the theoretical predirtion of the phcnomcna of the resonance
efrect This means that the rf power is heating the plasma in center zontrary to the earlier
prediction that the heating was near the edge. Therefore higher heating eficiency can be
possihle. A very important discovery of this experiment was the broadening of the ICRP
lourier spectrum in the pre:sence of the plasma. This broadening can be viewed as the
detning or the ) value of the resonance circuit due to plasma loading. Instability has been

observed during the initial phase of the discharge followed by quiescnt phase. Therefore

the instability was stabilized. Large amount of data has lb-n taken and is in the process of
being analyzed. The analysis of plasma-gas interaction with coaxial injection of plasma and
neutral gas has been completed which will be reported in detail separately. A collaboration
efrort with AVCO Research Laboratory has been established to examine the feasibility and

Inethod of using the high temperature plasma of this device for reentrance study for national
space plane developmental effort.

1 Introduction

A tandemn mirror plasina experimental facility was established for space propulsion devdop-
mental studies 1 3;,4,51. The experimental program encompl)asSs three areas of study.

First. to establish the fundamental plasma properties for the range of propulsion application.

Seco d., to seek ways to maximize plasina heating, thus the improvement of power conversion

eficiencv and third. to study the plasma pr)pei ties at the exhaust. rhe power conversion

inethud will be to inject the rf power ;:to the plasma to heat the ion species at the ion

cyclotron resonance frequency (IIF). Ilence, understanding the )hysics of wave propaga-

tion in this device is fundirnental to achieving the areas just mentioned. Wave propagation

in a tO)' plasirsa contained in highly nonhomogeneous magnetic field is a very complicated

p)robIlem which was b in!Wy touched upoin during the closing of the mirror fusion program.

Nevertheless, in the theoretical area, extensive analytical work was done during early years

of this program leading to the development of a computer code, 3EACI. The achievements

in theory and experiment are discussed in sections 2, 3, ,1 and 5. The industrial participation



ad te proposed scope of work are discumsed in sections ,5 wid8.

2 Progress In Theorectical program

2.1 Analytical solution

'rhe wave propagation in a cylindrical geometry for cold plasmnt in nonhomogencous magnetic

fild has been Solved analytically and munCriclly. Tthe omathematics inv'olvCd is long al

complex. 'ierefore the details will be discussed in a separate report req6". iere, the greatly

reduced ht yet comnprehlonsiblc theory is presented.

It can lie shown that in the vacuium the Maxwell's equtions can be reduced to the

following diferential cquiation:

1 .- v - ) ' E' 0()
r2 - r dr r -

U., (l 2) I/. 0 (2)

The Solutions t the ahove differential equations are the liessel functions I.(ur) and K,(vr).

It is seel thlat Mnxwell's e(l¢ations can be separated into two component solutions in

at vacuum: TI, and T.M. While the preseuice of a plasima prevents a complete separation

into the two modes. the Maxwell's euations can Ie simplified into two similar modes: the

"nearly" TE' mode.

, 2 l r 11.1 0 (3)

J I, dt - 1

: - ~k; s +;,.+(5)

and th elcetric mnides(nearly TM),

I d 2
E1-2 E-2 (k n' E.2  0 (6)

t, -1. 2 1- d72)
3.,I;2+ k ,:



II,: Y2IE (7)

*Y2 ' k~fk P1) (8)

The plasma field solutions are then simply ;a sum of the nearly TE and nearly TM modes.

iE. I I Ii (9)

E , - :ll .I (1U )

Where the solution of E ai;itious 3 and 6 is the 13essel function J.

. E,,J,,(k2r) (12)

Given the boundary conditions and the transverse fields, the solution can he found to the

power absorption l)roblem. However, the form of the solution is extremely complex and any

)hysical insight is lust amnong the algebra. In order to provide some physical insight into

the solutiorn, it is necessary to reduce the problem further. Thus, several more assumptions

are m'viei !)E, - O.i.e.,only TEa modes are considered; (2) n -- 0, axisymmetric modes; (3)

n.jr) - ni(r) Constant. Therefore the fields in the plasma are reduced to the following

formi:

3,. wi,.A 11'kIJ,; fI. (13)" tl" r -

,, i/k..\ .(k.2 k,.'S)1 , (14)

114 ik 'k? 11, d.II (16)

where the variables A .1 . and . are defined in ref Ii The absorbed plasma power was shown

to be

2 1 2

P2  wo . -- Dn (k? k-.s D,,,, (18)d .



Exatiliuing tile functional dependence of 7 and iP2 yields

"P S.£4 (19)

"P2 fx - -- (20)

where

I .f {k klk S k 4(112 L 2)) (21)
(k 2kkL. k,(R24 I2)) (22)

(k? k41) (k3 - k3L)2

In the limit or W . .0,., (!, -), it is seen that £), -* 1. Therefore

i,1 P, -', (23)

2(24)Ihn 7 !2 w 5 14 ,

The parametric (pen(lences of the absorbed power can thus be seen and are shown in Table

Table 1: Parametric l)ependence of the Ab orbed Plasma Power

Plasma Property Direction to maximize l., 6

Ion Temperature T INCREASE

Plasma )ensity n. DI.E(REASIE

Plasma Radius a IIN'"REAS

2.2 Computational Analysis

Although the analytical Lreatment oif the previous section yielded intuitive results of the

dependence of Pub, on plasma parameters, it nevertheless is too simplifi.d a treatment to

ap)l)Iy to a real sytem. The main siml)lification that was made in the analytical treatment

was the use of only one eigenmode. Althc ugh that allowed for a simple solution, the single
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mode treatment is neverthelcss too crude to be used. A tylsical solu.tion tOiat proved to

be useful required the solution of about 30, 50 Modes which, upon summatio, form the

resulting field solutions.

Another limitation of the analytical applonach is that it doesn't consider the issue of the

field inhomogeneity. Again, this simplification was made in order to reduce the complexity of

the problem. It is thus for these reasons that a complutatiol.al analysis was dveCCmd necessary

and undertaken.

Tlhe goal of this Computational analysis is to provide a better modeling of the wave-

plasmna coupling problem than the simplified results of the analytical solution. However, this

co)putatinnal analysis is not simply a purely numerical simulation. Much analytical work

is done to reduce the fields to functional form , i.e.I.(kv)1 g.(kr), .l(kLIr) before the

numerical "number-crunching" is handed over to the codes.

The 13EACII code extends the analytical approach taken in the cylindrical geometry *o.

lution of the previous section. It solves for the ICRF wave propagation in an inhomogeneous

axial magnetic field. The inhomogencous axial geometry is handled by separating the axial

length into discrete axial "slices", each of which contains a homogeneous axial magnetic Veld.

The code first finds the eigenmnodces that exist in each axial slice by satisfying both the

infinite plasma dispersion relation and the boundary conditions. The boundary condition of

the plasma -vacuum system can be written as:

c,.ll , + C2Ep, CIJO (.25)

The sulution to the above are:

/11, ' -rrj (27)
n)j

ii e, (28)

The term D is then the boundary condition of the bounded plasma -vacuum system. Solving

this boundary condition cuupled with the dispersion relation

Sk_ P) -( P) (SP + R.) + P(k? -k-R)(k- kL) (30)

6



yidds the cigeunlodes of tie cylindrical System.

After solving for the egenimmles of the %vstclll' the code then computes the eXCtatioll

ceflicients of the initial axial slice as driven bv the source term (Antenna). The excitation

)etlicient of tie ilext axial slice cull Iheii be cetermined by iifpQlif two conditions of

continuity on te boundary betwee the two axial slices: conscrmAtion of the intcgrated

axially propagating yiviting Flux f $.rdr , and the continuity of wave pha.w. Thew two

conditions uniqurly determine the excitation coollicients of the different cigcnoles in the

next axial slice. This analysis is then performed fur all axial slices.

2.3 Computational Results

C'omputational alnalysis was perforwmed on two typts of plasma regimes: collisionless and

cullisional cold plasma. Different physics are inherent in each different regime.

2.3.1 Collisionless

Initially, tile calculations (if tie ICR. field propngatioi were pjrforiiwd using a cold, colli.

sionlss plasmla model. This ensures that there exist no complex k. roots that coul damp

mut tile axially propagating Pioynting Fltix, thus enabling t good check o f the model's abiity

t) conserve power,

Several different antenna gcometries are used to launch different modes. The two antenna

getimetries that were studied were the full turn Im) and the hall" turn loop.

luhe baseline mudel is driven by a Full Turn Loup (FTI.) antenna. BJecause it is symmetric

in #0. the full turn loop antenna excites only the n -0 mude. lguires 1 and 2 show the

)ropagatiun characteristic f tie !I(1l: [3 amd E lfields as tile waves propagate from the

huindi )oint (z 11) tuwards tile resonance point duwistream. The results that are readily

ulcervabl frtmn this cillisionless propagation of the n 1I mde towards resonance are givei

1. In. hmcreases This is an expected result. Stix shows (Stix, Theory of Plasm Waves,

p.51. Eq( 18) ) 8 that for a hurimugeneous lossless r.iedium, the group velocity is

(31)

7



N=0,.N0= 1.50K10~ W/WCIO= 0.70i0 COLD COLLIS]ONLESS MODEL

SN. MODES 30

tu~ar., esnane t z = /cn
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N=O, NE= 1.50xO'"0. -W/iCIO= 0.708 COLJD COLLISIONLESS MODEL
INO. MODES 20~3

40N

Figure 2; IT E,, Prcipagatiun in a Cold Collisiouiless Plasma, Full Turn Loup Antenna,



W'hen resonance is approached. the group velocity slows down, resulting in an increased

cnerg. density 11l. This increased energy density is apparent in the increase in IB.I,

since th encrgy density varies as

t 2 o (32)

2. Increase in axial asndl rldial kx - As resonance (w w,,) is approachcd, the left

hand cut-off (k* k/I'h) inoreases. causing zm increase in the resulting k, eigenmodcs.

This is Colsistent with the slowing (lhimw of Lhe group an phase velocities am resonance

is approached.

3. High edge electric fiels E, , E and E' , that. propagate inward - This is a

result that could be consistent with experimcntal observation. Golovato poinLs oul,

(Personal communications) that although a high edge electric field is predicted by the

ANTENNA code, experimentally no edge electric field is detectable. The BEACH

simulation shows that the reason that no edge electric field is detectable is that the

edge spike moves radially inward into the plasma as resonance is approached.

.1. Higher order modes excited at higher amplitudes for lower initial ,W/Wa - This

result reflects the effect of the antenna. excitation profile (.I,(k)) on the excited EM

field coefficients. For a lower w1,o,, the value of the !eft-hainded cut-off in the infinite

plasma dispersion relation k,'! decreases. Since the pr.ok.) profile remains constant,

this means that ALL modes are now excited to higher values. (See Figure ?? )

lihe sjlution of the dual half turn limp (1)1[TI,) geoinetry puses a more diflicult problem

than tile full turn loop W1:TI.) solution. The main difference between tile DIITh1 and the

FTIP lies in the .I'k:) driving term, specifically tie radial feeders. This is different from the

Full Turn Loup (FIL) geonetry in which the contribution from the radial feeders cancel

out (Since one leg is entering and the other is exiting, net J, is zero). The mudelling of the

driving term J(k:) for the DITL is detailed in a full report in preparation.

The basic characteristics of ICRF propagation towards resonance are similar to the FTL

(nz:0) case, i.e. increasing k. and kj. and increasing B. amplitude. The main difference

is the larger k, and k. ior the DIITL case, which is to be expected since the asymmetric

10



(aboul r 0) II. excita'tion necessitates radial eiduxlstat have smaller perpendicular

wavelengths (larger k) and hence larger k..

The E field also appears to be similar in structure to the FTL case, with an initial edge

peaked E, that propagates towards the center of the plasma, as resonancc is approached.

2.3.2 Collisional

The presence of collisions. of course, implies a, finite temperature. The C'old I'lasma (roli.

sioal .11)h0 meaus that tIhe exmansion orthe plas:ma Z-function excludes temnperature effects

and keeps only terms tif 0)(u,, a). The cvdld' results fr the case of ICIUF propagation in a

cold collisional plasima is seen below in Figure 3.

The presence of collisions manifests itself in a. complex dielectric tensor. Recall that the

dielectric tensor is given by

S iD 0

[iD S 0J (33)
0 0! 1

where

s 14 (3.1)

2 I L) (5

The presence of collisions h. a cold plasma produces the following expansions for S, D, and
I'

'A' 1(36)

:51- 1(37)

1,-i c. 1 (38)

Using these cumIplex elements uf the dielectric tensor, the dispersion relation can be solved

%% ith the geometric boundary cunditiun to yield a set of eigenmode solutions fur this plasma

vac1Um geometry. The difference between these solutions and those of the cold collisionless

11



N=O, NE= 1.00)410", W/WCIO= 0.780 , COLD COLLISIONAL MODEL
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NO. MODES 30
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N=O, NE = LOxO W/W(:'10= 0.780 , COLD COLUSIONAL MODEL
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plasma is that the k. cigemilodes are now comph X these eves iurc now da,:p)d as they

propagate towards the cyclotron icsonance. This damping !raisfcrs cncrgy from the waves

to the plasimia, causing plasna hiating.

3 Progress In Experimental Program

3.1 Diagnostics

In order to determinie the plasuma characteristics of the discharge produced, an adequate set of

CI1g, ostics must be asstIueCI its measure some basic plasia j)araietrs. These prUlutVrs

includc th. .t temperature T, clecrmn temperature T, and electron and ion censities n,

it,. A sytemi of diagnostics was cesignied, fabricated or reconstructed, calibrated and use(d

to determine plasma properties as part of this experiment. This section will discum the

dingiinustics Systems that were fabricated and/or reconstructed for use on this expefiment.

The diagnostics currently ciperating are listed in Table 2 along with the plasmna pmperties

that they measure. The principle of these diagnostics and their operation and mnthod of

analysis are craluate l and presented below.

Table 2: PPE- I 'TX iagnostic Set

I)IACNOSTIC" LOCATION PLASMA Pl t lItTY NIIAS;RED

11

I.ANtI.INII lt lROBE tC' / {I a

IN FlI..hI .'l-K. W 'I ' I ,lt CC. ,Ancho r i,,

I/,, ARRAY:C Att\chor ii(r)

SIE 1.CTROMEITEli. Anchur 7,, '1,. Plasma Rotation

IDIA.\ A ,NI.TI(C LOO~ P 3. 1'.T " '

B-DOT PROBE c.c k .I('RF Pro.pagation i



3.1.a Lamg.amitr Probe

The basic prinlciple of the Languguir is well-known and is briefly dcS%:ribvi to the rintho

of analysis sed here. A C'urrent.Voltage characteristic curve it; produced when the prob:

driving vlta-tv is sweCped from sfmm negative value to a positivo value (I[& ., L).1lS)rCr..

At pcgative votagei. the probe should attrat mnly ions at an imn saturation fIiUx found to

be (|luddlestoll. Imlard, p.130) , Cr9*

/ n w (:39)

wihere A is the probe area, i, the plasutm density, and M\ the ion mass. As the )robe voltage

is increased, morc and more electrons can penetrate the negntivc potential until a floating

po)tLtial I * is eventually reached. TIhc probe being at the floating potential means that

the net inward electron flux equals the net inward ion ilux. As the voltage is continuously

raisedi, the probe now attains a linear rcgime in which the electron current behaxes in an

exponential manner, assuming a Maxwellian electro , distributior, (ilk L, p.135). This is

known as the trainsition region and hIs the characteristic:

From experimental observations of the current-voliage characteristic, the electron tem.

perature /' and density ii can he found. To calculate the electron temperature, the slope of

the tramiiit,': regitm is used. 'laking the region of cmistatit sluJe in this region, the electron

lemlrature can he roul from (Ilutchinson, ).t.) refi" Il

'1 - ,f . )"U)

where I is the Langzuir prohe current in the middle of the linear region, ,. is the slupe of

tlit. Langnuir 1'rol,c I V charateristic (f the linear region, and 1,, the ion saturation current.

Frm 'his valu, of ithe ehd tr,,n temperat tre. the edge plasma density can be found frum

the ion saturation current I., (Ilutchinson,. p.60):

15



where ., is tie area of the Laiginuir Probe tip, C, tli ion Sound Speed (C', (71nIm ).

The density is then found Ito be
tl - (.1 1)

.. ,C',q

3.1.2 Int~erfreronmeter

The basic p)rincilple of plas:ilt ilirerrerolli'try litilizes the phase shifting of the lplmillt Q-Ilnd(I

wave whose dispersioti relation is

where

is the eleitron plasiut frequenc . IhW ldex or refraction can then he defincd as

The phase Change Iu to thIe wave l)ropaatill il tie plislla illedititt of length I (in addition

tW its normal propagation in vactiuit) is thii

AO kl(X 1)

F'roi LII. ineisured value of the .-%4, the line averaged electron ulensity can be found by'

i, , (0 1 1 T) (12)

:3.1.3 Fn-'r(,ileny Swepiztg Operation

The above is foir a hioniodyli,. interfrouiiter. ThI, inLtrferojiweer used in the PPEX experi-

ient is a frequency-swept ilterrerolieter. The basic principle ,of the pi- se shift is tile saie

its that of tiiv, iodynte iiterfernii, ter, the difference being that the frequency of tle in-

ttrferojnieler is swept ovi a fixed range. Swceping frequencies fromli 1l!(Ilz to I1Mhz have

been used. The interferonmeter in the PPEX experiment utilizes a 80Kllz raip generator to

produce the sweeping frequency.

16



For such a frequeticy swot interfcrmctcr, thc phase Abift is given by

Fior the 35GC1, interfertsiter used o:i the PPEX, this wcrks out to be

or, using at avvrage plasma radius of lin,

whcre A is the phAse shirt in radials

3.1.4 Spectrometer

The [Doppler shift duc to a sonrce mviiig parallel (with velocity r,) to the direction of
observation is

AA vp vAis.

It can be shown (Il-L,. p,268ref'9 , that rur urces of mtxwellian vdocity distribution,

I(AA) I X[ e A.\

v 1 \A.\ge/

where 1, is the total line intensity. The intensity is half its m:thiumiI value when the xpo.

itential reals The full width half max (F\VIIM) (Ilk L.. p.2611) line width is found to
be"

gA, t, A I0) TA(T,',A

I1T is in degrees Kelvin. M is the m,,lecular wit of the ion) Therefore the ion temperature is
f ,un1d tu bc

Tlhc rotating mirror assembly is oamstructed to convert the J-A Munu.hrometer Spectrom-

eter into a scanning spectrometer. The rva.on fur using a rotating mirror assembly is to

translate the incoming beam by a glass slide, hence shifting 0.v ;avelength entering the

photomultiplier slit.

17



U sing Se1l's Law tile ;tmaumi f beam trwislition is found to be

6x . -sill 8,}1

fly tr .sIlatig the beai with it rotating glass slide, the W'ave ngth that is hyig exmimiled

by the ph-tomnidtlier scebly is thus causde to vary.

3.1.5 I/, Army

The b, sie I/,, array constructed for lisc on the.. .P is a multi-chord llhttuil)ier system.

The asir principle of tie .ihiltidiord Arrmy is tint of a )ilhole camera. LighL from the

lla.ilin lle.,Ss through a plilhle uid is Sb i.equenmtly tl ie el by tile lphtudetector arrty

oil te uil of tile array holder. Arbitrary filters aiity be installd over tile pinliol to allow

viewing of different litght, be it impurity or plln emissions.

3.1.0 Diaigniignei Loop

[he diamawigeic icl) is a naigieliC field probe that is positiuned around the plasma. The

I0-)p detects 1h1 Ililweti" flux that it surrounds 'iid tile ,tulltge ilduced on tie loop1 is

si.ih.equeitly mteasured iid proctesed to yield the ptlsmlm beta.

UsiiK Mitxwell's tillnsiOls aid the MIff) Equilibrium condition, it Canii be shown that

the magnetic field inside a plh.nlla of finite 4 is given by

where .1 is dhlied Is the ratti tilte plasma prhislt re sl tile init"ic field plressiire ,

P IP 2k,,I. The fIux that through tile diimagnetic lop i6 then found to be

lhe' plam.:ni ctntributin is lhen .seen t, lie

The uuLput voltage that is induced in the loop is R(' integrated to yield the magnetic flux

and is seen to be

RC
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Thus the plasma 3 can he found directly frnm this output voltage and is sen to be

where the ficlmor , takes into account the irqumency response of the diamagnetic hmp.

3.1.7 1-Dot Probe

The 13-llot probe picks up the IC1RF fluctuating mapnetic fields that are either piropagating

in te litewlasnia or einescenti but still detectable. Tht- l-Dot Probe works with a similahr

lrilllIti the liimiagllnetic . namely that the ulle. arying RF field is picked up and

read ais an induced loop voltage V, where
(I

t o tit, "

This itudiued loopl vltage Call thei be detected and digitized.

3.2 ICRH Wave Experimental

3.2.1 experillliLt set-u)

,rite sche1atic of the experimnent is shown in Fig. 5. There are double half.loop antennae in

th south end cell and in the lurtLi end of the central cell. lHuth antennuae are located at fields

higher than the correspondhing ies for their resonant frequetnwies (w -w). The reqiiency

of the i'f powcr is in resonance with tlt- iun c'clutrull frequencyt' the iel i tht midplant

,f -ach cell. When rf radiation wais cinii ted lit mlhl (1nte1ina. the wave excited i tihe phlsma

travels bioth radially inward and axially toward the cenuter of each cell. The diagnostics

(Iichosed li tile box in Fig. 3 ar. carrentl. peratitnal which were built and installed in

llit ° past year. A scanning spectrometer and a retarding field grid energy analyzer will be

iistlled lter.

3.2.2 exptrieniil results

The B-dt probe allows the measurement of 3, 38 and kL. /3, and J3u were very small.

The Fuirier spectrum ofr & is shown in Fig. ( is the wave in the vacuum. The fundamental
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frquncy is 3 -%IIz :imirkcd by 11. Itih imrlitirs are mtarked by 1.2,3 and t. Thle I)Aks

ill betwVCen may be dtie totile illipcrfectiol o til e rf tranmmittcr. A ccnnpar;sn of Fip. G~t

and 61 ib 04t, thlt amptitide of fundamental1 frequency ptak 0 k~ one unit inl thle %Acuum

anl lti nniu~ in ahe p 'arite. "h half witth i6 aot l.1 MIN. for tlhe vacum lnd 1 MII

for tl pl n iThreforc t le ampi tude of tle w i e i. 1t tiues hIgher ill the phl a than!

id t- Vaciul at tie relOn ance which confhrmst thle thteoretical prediction. The width of

the wave is 10 tirs broader. Thlth reecm that thle psim sials arte 111c0 larger than

thle va smil signals is tat thle I(RF k evatneselit il the Vanili, white the presence

tif tlhe ptsim alttow it (to propagate. This large broa lstimg indictmei inercas-ing resist1".e

duTe t tie loading f plasma. Tie i s little evidecevthaztt the wave injected in the end cell

will propagate into thle Central teld or vic versa bcmu e of the fact, that the wave envrc is

damped and xb.-orbed near thr roeSratie pri the rtspective ls. iThre is als little eidtnce

,if thi eatiaeartmns at thle edo, a indication of less t os and hiec vr cidenmc /.

3.2.3 Plasins Bromicuing of ICRF Spctrum

T 11. taf the dkcoverieso Iane ol tit;.i; psmu peropulsioen experiment is thie broadening (f tlhe

rI p iu rier spectrumi in tle preiher r ea )sit. h 'imriesta of a vacumn ICy. F shot

tw : plasll IChF shuot dcarly ows this> ect. ve pr1po : all explanation for this edil.

The lirti;atlenin, is tOlmght, tto be tid bv thle dtining or thle I)iatsma Q aq defined by%-

f '.

Shtt the mttemn was originally time~d rG-r vaucuiimi thle Q is very large for a vacuum shot

(hence i, iiarrow% peak)I. litiwever. the pr'eence of a pla~sinan ireas"es the serial resistance

tif thlt eq~uivalent lIA' rev,imuce eircitit, therefore ( -L4 treases. cau:.-ing A.f( )to

imarease.

3.2.4 Instability

To understand the resonance efrect two types of experimrents were carried out: To inject the

rf power at a frequency slightly higher or lower than the resonance frequency. Therefore

we -afledi the class of discharges with w > w,, as type 1 and the class of dischiarges with
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,. * u:,, as type II. Pigre 7 Shows the iI-o acquircd during TYPIE I and II discharges.

There are distinguish featurcs between these two types of !l-ex emissions. For thev first type,

"there is strong fluctuations initially which decays and bec,*mcns quiesment. This indicates the

instability at the ilitia4 phase (if the discharge. Fortun;tely it was stabilized possibly( due

t, tie i dermttive force of (lie rf wave. The plasma is qluiscCtiL for the tvpc II discharge

although the amiplituide of the 11-n ctissi ol is modhlated. This modulation may be dle to

the LEClill pulse or plasma rotationa which Is t bC careftlly investigated..

T lincd (11t the physical nature of the istabhility and its statbilizing mcdhanism for the

type I discharge and source of the moditlation for the type I I discharge will be the center of

iour researd effort. To do so additional diag ostics are ircdd, such as l.dcot probe array,

Langmnuir probe array, rctarding field grid energy analyzer and charge exchange analyzer.

In additiom to the results preisntcd above large amotnt, of data have becn collected.

Detailed analysis is mderway.
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3 H-olpho Chorocleri;ic foir Shot No 1854
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Figure 7: Comparison between the 1l-a output of'r'YPE I and TYPE I1 discharges. TYPE I
(Top) shows a imuch higher light emission level as well as the three different regions identified
as Ramp-up, Oscillatory, and Quiescence. TYPE 11 (Bottom) shows little light emission and
is relatively quie.'cent
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